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Reasons for Scaning
The number of patients referred for brainscanning has risen steadily in recent years and does not yet seem to have reached a ceiling. Because it is a safe and painless investigation it is very easy for the physician to order; there are no contraindications and it may be performed on outpatients. The only bar to scanning every patient suspected of any kind of intracranial disease is an economic one. Scanning is fairly costly and the apparatus occupies space which cannot be used for other kinds of investigation.
The revolutionary EMI scanner will soon be in use and it seemed an appropriate moment to try to assess the actual contribution of scintillation scanning to patient management in a typical sample from the National Hospital and to try to form a judgment on the ways in which scanning is used.
Two of the authors have attempted this before in separate papers and approached the judgment with rather different philosophies. One of us thought that the economic and logistic problems of scanning so many people should not significantly affect one's judgment about who should and who should not be scanned. The other entered upon the assessment with a strong bias against performing a scan when it could be predicted that there would be a low probability of its result affecting the management of the patient. It was thought that a survey of the kind of patient who was sent for scanning would, in any case, be of interest to the clinician.
The third author, a neurologist, provided, we hope, the clinician's reasoning where the indication for the scan was obscure to the radiologists. Williams et al. (1972) have also recently published a survey of the contribution of scanning to patient management, but their study was from the point of view of whether or not the patient should be referred for neurosurgery.
Material
The records of 103 consecutive patients who had been investigated during the winter of 1971-2 were examined and note taken of the results and chronological sequence of radiological investigations including rectilinear brain-scanning and gamma camera studies. The reasons stated on the scan request form, amplified by scrutiny of the case notes, were used to classify the patients into ten main groups. Although there is naturally some overlap between these groups, classification usually proved easy. They were:
(1) Tumour suspects with progressive histories and physical signs (2) Epilepsy of late onset (including temporal lobe epilepsy) with no physical signs or symptoms ofraised intracranial pressure (3) Subdural htmatoma suspects (4) A ?stroke/ ?tumour group (5) Scans performed to assess the success ofsurgical treatments 
Results
Of the 103 patients there were 27 in whom we were unanimous in our inability to justify the scan. These will be discussed later in some detail. There were also 4 patients about whom we were not unanimous. They illustrate the differing bias of the 2 radiologists (which difference tended to diminish during this combined study). Of the 72 scans which were unanimously judged to have been useful only 20 were positive (28%); of the 27 scans unanimously judged inappropriate 3 were positive (11 %); 22 of all the positive scans and 32 of all the negative scans were followed by some other neuroradiological investigation (Table  1) . These other investigations also sometimes appeared to us to have been inappropriate.
Discussion
The condemnation of 25 % of the scans performed as being unjustifiable may sound shocking, but this is a general experience for nontraumatic radiological investigations of many kinds. It is not, however, excused altogether by being commonplace. The reasons for believing the scans to be inappropriate may be summarized. In 14 cases the possibility of a useful finding seemed very remote and no further test followed the negative scan. The conditions suspected included: transient brainstem ischiemia, isolated III nerve palsy, subarachnoid hiemorrhage without localizing signs, dysphagia, poorly controlled idiopathic epilepsy, migraine, drop attack, herpes zoster, longstanding involuntary movements, transient giddiness, isolated perceptive deafness. Nine more of the 27 patients with negative scans in this inappropriate group went on to have more appropriate investigations and 4 other patients could have been foreseen to require other investigations whatever the scan showed, these further investigations predictably providing all the necessary information for treatment. Many of the unnecessary scans may have been the result of misunderstandings but some we feel may have been done because of a philosophical approach to the investigation which resembles the philosophical approach to skull X-ray -'every patient should have it just in case something unexpected should turn up'. Indeed, there was one such case, a patient who presented with a story suggesting the presence of a carotid artery aneurysm, whose scan revealed what was probably an infarct and who had no such aneurysm at angiography.
As has been said already, the only contraindications to scanning every patient are economic ones, so it is pertinent to examine the cost of the investigation. At the National Hospital there is a gamma camera, a rectilinear scanner and an injection room. Waiting space for patients is minimal and is shared with the rest of the X-ray department. We believe that both pieces of apparatus are necessary for some patients so that space allocation for scanning could not be diminished by reducing the numbers scanned. We are, however, approaching the point when a further increase in numbers would necessitate a third machine which could only be installed by closing down some X-ray facilities or expanding the department, perhaps at the expense of hospital beds. Thus, the economics of space allocation are very important.
It has been our practice to begin the isotope examination with a gamma camera study and go on to rectilinear scanning when the camera study is equivocal or positive. Though we have doubts about the necessity of confirming clear cut positives, it is negative camera studies which form the majority of those which we have judged to have been inappropriately ordered. Materials for a single gamma camera study cost £2.60; each requires an injection (one doctor for 5 minutes, one nurse or technician for 10 minutes) and the actual investigation takes about 20 minutes, and occupies one nurse or technician. Only a very great diminution in numbers scanned would affect the ¶humbers of staff employed. Nor would the staff have to be altered if one more gamma camera were installed.
The same sort of considerations apply, however, to plain X-ray examination of the skull, so the cost of a single camera study may relevantly be compared with that of a routine skull X-ray:
Materials Salaries Gamma camera study £2.60 30p
Plain X-ray of skull 50p 30p
Capital expenditure £15 000
£7 000
Lastly, it may be pointed out that an equivocal gamma camera study leads to rectilinear scanning. Thirty-eight equivocal gamma camera studies led to negative rectilinear scans in the present material. A rectilinear scan costs £3.50. (All the very small items of expenditure have been ignored in these sums.)
The philosophy of sparing the scan when another inevitable investigation will predictably reveal the diagnosis has been explored by one of us (du Boulay & McAlister 1970) before, in so far as it affects the choice between carotid angiography and scanning. The conclusions drawn at that time, however, have to be modified in the light of further experience and of the present analysis. The reasoning used in that earlier paper has not been used in the condemnation of the 27 scans now judged inappropriate.
Reasons for the rejection of the earlier findings are centred upon the better performance of scanning in difficult regions such as the posterior fossa, the demonstrable usefulness of finding two lesions in even occasional patients with no known primary tumour and the convenience of scanning patients before an essential angiography rather than after, even though some of the positive scans may add nothing to the knowledge already gained from angiography. If necessary economy may be practised by limiting scans after positive angiograms.
The present analysis is best done group by group. As will be seen, there are some patients not included in the 27 already discussed for whom the value of scanning is marginal.
Tumour Suspects with Progressive Histories and Signs (41 Cases) Eleven of these contributed to the 27 inappropriate scans already discussed. In a few of the 11 suspicion of tumour was very low, there being other preferred diagnoses; but the overriding considerations in judging whether a scan was appropriate have been concerned with which region is under suspicion. Perisellar, orbital and retro-orbital region: No less than 9 of the tumour group fall into this subcategory and the scans of 4 of them seemed inappropriate to us by any reckoning. There were only 2 positive scans, one already discussed in which a carotid aneurysm had been suspected and one which was proved false by angiography, repetition and deeper clinical enquiry. There were, however, two meningiomas causing chiasmal compression both with negative scans. The literature is not enlightening about the chance of a positive finding with a meningioma in this region, though we do see examples ourselves. Otto et al. (1972) reviewed the experience of 35 workers for pituitary tumours, craniopharyngiomas and optic chiasm gliomas and noted positive findings in 48 %, 67 % and 78 % respectively, with an overall positive rate for the three pathologies of 45%. These are large enough positive rates to make differentiation of one type of tumour from another very difficult.
The literature does not examine the false positive rate. It has been our experience that when the radiologist's attention was particularly drawn to this area he was liable to make a false positive diagnosis (as in the case described), or at least an equivocal report.
One must conclude that the value of scanning in this region is marginal and may have been overestimated by the referring physicians, but the urgency of diagnosis in progressive visual loss is so great that if a scan can conveniently be done before other more informative investigations there may still be a place for it. Posteriorfossa tumours: Concealment by the high activity in the venous sinuses and in the musculature of the neck makes the diagnosis of posterior fossa tumours by scanning techniques difficult. Computer-aided analysis helps (Dowsett & Perry 1969 , Cormack & McAlister 1972 , but this was not employed in the series reported here.
The posterior fossa cases in this material were of three kinds: 4 patients without any suggestion of a primary tumour elsewhere who had signs pointing rather indefinitely to the posterior fossa, 4 patients with signs and symptoms suggesting the possibility of a cerebellopontine angle tumour, and 8 patients in whom, either because of a suspected primary growth elsewhere or because of the signs of multiple lesions, metastases were suspected; there was also one case of multiple lower cranial nerve palsies of sudden onset.
Among these 17 patients there were 4 whose scans we have discussed as inappropriate. They were the patient with lower cranial nerve palsies, a patient with migraine in whom there did not seem to be any clinical support for the declared suspicion of a posterior fossa lesion, a patient with trigeminal neuralgia without signs of a cerebellopontine angle mass, and a patient in whom the suspected acoustic tumour would have been very small. It is quite clear that, although the positive pick-up rate for acoustic tumours in the literature (Otto et al. 1972 give 72 %) is reasonably -high (65 % in an unpublished review by D J Allison of the Queen Square material) and the false positive rate fairly low (our figures were negligible), very small tumours cannot beshownby scanning. If the clinical suspicion is based purely upon otological findings, without brainstem or cerebellar involvement, scanning is not indicated.
For all the other posterior fossa cases, including those presenting with cerebellopontine angle signs, a single argument may be used for justification of the scanthe exclusion of a second tumour (metastasis, hmmangioblastoma, &c.). There is, however, also another reason for scanning in many cases. Vertebral angiography has become increasingly important in precise localization and 'histological' preoperative diagnosis, but a backup investigation is wanted because of the distinct possibility of missing a tumour altogether if vertebral angiography is the only test performed. Vertebral angiography with prior scanning is a reasonable alternative to air or positive contrast ventriculography or encephalography in many cases. The overall success rate of scanning among the authorities quoted by Otto et al. in posterior fossa tumours is 65 %. Supratentorial tumours: The remaining 15 tumours suspected were supratentorial, but distant from the sella and the retro-orbital region. In all but 2 cases the scan helped localize the lesion for angiography, or helped to exclude a tumour, or provided, or could have provided, extra information about the extent or nature of the mass revealed by other studies. It may, however, be said that when economy has to be exercised the scan may sometimes be postponed until the angiogram has been assessed in case it seems unnecessary; but in many instances the scan is helpful. For departmental convenience it has usually been performed first.
The value of the scan in a general survey for supratentorial tumour exclusion is best discussed when the cases of epilepsy and of dementia are dealt with below.
Epilepsy ofLate Onset, Including Temporal Lobe Epilepsy, Without Significant Physical Signs or Evidence ofRaised IntracranialPressure (20 Cases) The figures of tumours developing in patients with epilepsy of late onset vary, depending on the type ofepilepsy, age of onset, site of the lesion and follow-up period in different series.
In those suffering from grand mal seizures alone the incidence of neoplasms varies between 10% and 20%, the incidence being higher the older the patient is at the time of onset (White et al. 1953 , Sheehan 1958 , Raynor et al. 1959 , Dusaucy-Bauloye & Sorrell 1959 . In those suffering focal Jacksonian seizures the incidence is 33-62 % (Martin & McDowell 1954 , Raynor et al. 1959 , Sumi & Teasdall 1963 .
Patients suffering from temporal lobe epilepsy who were selected for temporal lobectomy were shown on histological examination to have an incidence of 24 % of underlying neoplasms (Falconer et al. 1964) . In an unselected series of temporal lobe epilepsy at the London Hospital an incidence of 8 % of neoplasms was reported (Currie et al. 1971) .
It is generally agreed that the slowly growing infiltrative gliomas (Grades I & II) are much more likely to be responsible for the seizure disorder in the adult than any other neoplasm, and it is this group who tend to give negative scans. On the other hand, a high proportion of meningiomas, metastases and glioblastomas give positive scans. The success of scanning as a screening method in cases of epilepsy of this kind must depend both upon the proportions of different pathologies and upon the stage in their development.
The value of scanning as a screening method is therefore ultimately shown by the results in a series such as this. Of 20 patients, 4 had positive scans; these were an infarct, a case as yet undiagnosed, a metastasis and a Grade III glioma. This glioma later provided a carotid angiogram passed as normal but the tumour was shown by an air study.
From these positive results scanning must be judged a success. Whether a negative scan should be followed by further investigation we feel must be decided on an indiviudal basis. It should, however, be noted that the patients in this group were, for the most part, scanned with technetium 99m only about one hour after injection; but, as Gates et al. (1971) and Ramsey & Quinn (1972) have shown, both gliomas and metastases may show up better after 2-3 hours, so that the pick-up rate might even have been improved by modifying the scanning technique. Dementia (7 Cases) The value of scanning in dementia without other progressive physical signs is also easy to gauge. No less than 10 patients out of 84 with a presumptive diagnosis of presenile dementia without focal signs reviewed by Marsden & Harrison (1972) at the National Hospital turned out to have spaceoccupying lesions. There were 7 patients in our group. Each was presumably scanned because of the possibility of a tumour, and one such tumour was found. There was also a positive scan due to an infarct. There is a possibility of confusing dementia and psychiatric disturbance; but this accounts for only one of the wasted scans.
Angioma (4 Cases)
The somewhat remote possibility of an angioma entered into the diagnosis of many patients, but was considered the most likely diagnosis in only 4. The possibility of angioma was by no means always stated or recognized and the necessity for special timing of the scan does not seem always to have been appreciated, thus seriously decreasing the overall expected success rate for this diagnosis which may reach 80 % under favourable circumstances (L Z, personal data). Small angiomas, however, are much more likely to be missed and the possibility of confusing larger angiomas with multiple areas of uptake due to metastases has to be recognized.
On the whole the pick-up rate on scans was unsatisfactory. This was judged to be due mainly to the dubious nature of some of the symptoms.
Other Groups There can be no dispute about the great value of scanning in the diagnosis of subdural hwmatoma, in distinguishing infarcts from tumours and in the search for cerebral abscess. These patients require little discussion here, but it should be pointed out that a clear-cut history of intracerebral heematoma probably necessitates angio-graphy rather than scanning, while in the strokes group, brainstem ischemia is an unpromising field for the scan.
Unforeseen Changes ofPatient Management Very often the scan confirms an expected diagnosis or helps to exclude an unlikely possibility. From time to time, however, its value is underlined by totally unexpected findings which radically change the management of the patient's further investigation. One such was a patient who presented with clinical signs suggesting a left-sided tumour, but who proved to have a right-sided meningioma. The false lateralization was revealed by the positive scan at an early stage. There were some other cases, too, in which the scan prevented radical (and expensive) mistakes. The ability of the scan to give, sometimes, a clear answer without hazard places it in a special category among neuroradiological investigations from this point of view.
In summary, we would draw attention to the 25 % of inappropriate scans, costing at the moment a mere £1700 a year; but threatening, should the total number of scans increase, to cost us a room with very serious consequences. Most of the inappropriate scans were obviously so. The ordering physician can have hoped for very little from them. From an economical point of view the plain X-ray is not a fair comparison since a scan costs between five and twelve times as much. We would like the referring physician to bear in mind the implication of these facts. In one group, the perisellar, orbital and retroorbital tumour suspects, scans stand out as predominantly useless, if not actually misleading. The other groups contained a small minority of inappropriate scans but, on the whole, the scans were extraordinarily useful.
